Mt. Promina became famous for its coal mines, vertebrate remains and fossil fl ora, and for the use of its name in denoting sediments covering a wide area of the Dinaric coastal range. The Promina Beds of the type area, Mt. Promina, are up to 1 km thick and evolved in the context of propagating Dinaric deformation towards the foreland. They consist of eight sedimentary units differing in facies, i.e. depositional environments and systems, which include alluvial, lacustrine, deltaic, lagoonal and shelf deposits. The sedimentary units constitute three depositional cycles. Cycle I is represented by a late lowstand alluvium, while Cycles II and III consist of transgressive and highstand (regressive) systems tracts. Cycle III also includes a coastal onlap of limestones and an alluvial onlap. Transgressive tracts are specifi c in being represented by lacustrine deposits and having non-erosive bases. Falling-stage sediments have not been identifi ed. The Promina Beds of Mt. Promina represent an example of sedimentary and sequence evolution at a foreland basin margin. The evolution of this margin is characterised by structural and stratigraphic complexities including syndepositional folding, growth strata, angular unconformities, intraformational faulting, alluvial and marine onlaps onto deformed basement, and tectonically induced, proximal-distal variations in facies and sediment thickness. The origin of lacustrine transgressive tracts may have been related to backtilting in the proximal part of the basin. High sediment supply and subsidence pulses are proposed to have been the two main factors which shaped the depositional styles, sequence development and distribution of sediments. The dominant role of tectonism in the sedimentary evolution was related to the position of the area within deforming; marginal parts of the foreland basin, situated in close vicinity to the main, active Dinaric thrust units.
the type area of the PB (Figs. 1−3) . The fi rst purpose of this contribution is to provide basic data on various shallow-marine, deltaic, lacustrine, and alluvial facies, their vertical pattern and lateral variability, as well as their arrangement in eight distinct sedimentary units. Using these data, the successions of these units are shown to refl ect specifi c changes in the relationship between accommodation and sediment supply, which defi ne depositional cycles based on sequence stratigraphic concepts (POSAMANTIER & VAIL, 1988; PO SAMENTIER & ALLEN, 1999; EMBRY, 2002; CATU-NEANU, 2006) . Later the development of complex relationships between sedimentary, stratigraphic and structural features characterising the type area of the PB are described. The question of dominant factors controlling the sedimentary evolution and sequence development of the studied basin are also addressed. While some authors proposed a variation in subsidence rates related to tectonic loading (HEL LER et al., 1988) , other workers suggested that eustasy generates progradational to aggradational cycles in the proximal part of the foreland basin, where the subsidence always exceeds the eustatic falls (POSAMANTIER & ALLEN, 1993) . Variation in sediment supply coupled directly with tectonic loading is the third principal factor suggested to dominantly infl uence the origin of transgressive-regressive sequences in a foreland basin (LOPEZ-BLANCO et al., 2000; MARZO & STEEL, 2000) . The complex history of the type area of the PB is discussed in the context of its specifi c, marginal position in the foreland basin, which was strongly infl uenced by tectonism.
GEOLOGICAL SETTING AND STUDY AREA
The PB is situated in the outer part of the Dinaric orogen, in the imbricate-folded belt, which roughly corresponds to the Dinaric coastal range (Figs. 1, 2) . This belt consists of Cretaceous to Eocene platform carbonates, Eocene-Oligocene foreland basin clastics, and minor Neogene and Quaternary deposits (e.g. MAMUŽIĆ, 1975; IVANOVIĆ et al., 1978) . On its inner side, it is bounded by larger Dinaric thrust units. Along its Adriatic side, it is bounded by the foreland, which is a common to both the Dinarides and the Apennines (Fig.   1 ). For most of the Mesozoic to Eocene period, the area of the imbricate-folded belt was part of the carbonate platforms, which characterised a major part of the future Outer Dinarides (VLAHOVIĆ et al., 2005; KORBAR, 2009 ). The SWdirected (present-day orientation) propagation of tectonic de for mation of the Dinaric orogen, and related migration of foreland basins, led to basin formation in the area of the present-day imbricate-folded belt during the Middle Eocene (e.g. IVANOVIĆ et al., 1977; MAMUŽIĆ, 1975) . The basin was fi lled by deep-water clastics known as the Eocene fl ysch (e.g. MARINČIĆ, 1981; BABIĆ & ZUPANIČ, 2008) , and by more than 2 km of Middle Eocene-Early Oligocene PB (IVANOVIĆ et al., 1978; MAMUŽIĆ, 1975; SAKAČ et al., 1993) regarded as representing a molasse (CHOROWICZ, 1977; HERAK & BAHUN, 1979; MARINČIĆ, 1981) . It is possible that the Promina basin was carried piggyback (BA-BIĆ et al., 1995) on a huge, complex nappe (KORBAR, 2009) . Parts of the PB originated in alluvial, coastal, deltaic, and shelf settings, and the successions of PB display a cyclic arrangement of sedimentary units related to the fl uctuation of relative sea-level (ZUPANIČ, 1969; BABIĆ & ZUPANIČ, 2007 with ref.; MRINJEK, 2008) . Two main "orogenic phases" have been cited for the area: before the PB, in the Middle Eocene, and after the PB, in the Oligocene-Miocene (IVA-NOVIĆ et al., 1978) . The recently proposed Miocene age of the coastal fl ysch, and a younger age for fan deltaic and alluvial deposits of the PB (MIKES et al., 2008) , challenged previous, Palaeogene dating, and requires caution and additional confi rmation.
The study area coincides with the type area of the PB in Mt. Promina (MtP) (Fig. 3 ). This area became famous for its coal mines, vertebrate remains, fossil fl ora (reviews in KER-NER, 1901, and MARKOVIĆ, 2002) , as well as for a debate on the location of an unconformity which would be related to the main deformation of the coastal Dinarides (SAKAČ et al., 1993 with ref.) . Several papers have described the suc- cessions of PB in MtP (Fig. 4) . However, knowledge on the sedimentary and basin evolution of this critical area for the evolution of the Dinaric orogen has remained fragmentary. This also applies to the dating of the sediments for which the age has loosely been defi ned as spanning the late Middle Eocene to Early Oligocene (KÜHN, 1946; SAKAČ et al., 1993) . Since the 19th century, the Promina name has also been used for much thicker successions exposed in a considerably larger area (Fig. 2) . However, a correlation along the Promina basin has shown that the MtP area contains the upper part of the entire PB (BABIĆ & ZUPANIČ, 2007) . This is related to an overall, NE trending onlap of PB (QUITZOW, 1941) , and the location of MtP in the NE, marginal part of the basin. A previous study of the PB, which covered only parts of MtP, reported on an alluvial unit, lacustrine unit, and shelf/delta cycles, which were compared to lowstand, transgressive, and highstand systems tracts, respectively (Fig. 4) . The work presented here includes the entire succession, from the basal unconformity to the youngest strata on the mountain top. It is based on the study of a considerably larger area of the mountain, and takes into account important lateral changes reported by ZUPANIČ (1969) .
METHODS
MtP displays well exposed individual segments of sedimentary successions at different locations, while more continuously exposed sections are uncommon. This hampered the reconstructed from KERNER's data (1894, 1986) . 2, MtP: from ZUPANIČ (1969); T-R, Transgressive-regressive cycles start with marine strata and end with either lagoonal, swamp, deltaic, or alluvial deposits. 3, Largest part of the Promina basin: compiled from BABIĆ & ZUPANIČ (1990 , 2007 , ZUPANIČ et al. (1988 ). 4, MtP: after BABIĆ & ZUPANIČ (2007 . 5, MtP, this work. Logs from MtP refer to its main, southern part. LST, TST and HST are lowstand, transgressive and highstand (regressive) systems tracts, respectively. Small marks in the upper HST of logs 3 and 5 symbolise subcycles (schematically). For details see text.
work, especially in fi ner grained rocks and in transitions between sedimentary units, as well as for correlation. This was partly overcome by mapping at a scale of 1/25000 and locally at 1/5000 scale, and by studying rather closely located sections. Twelve logs have been measured at 1:100, and 1:50 scales. Field data were complemented by the study of more than 200 thin-sections.
GROSS COMPOSITIONAL DATA
Most of the studied clastics commonly contain lithoclasts which are almost exclusively carbonate in composition, with a high dominance of Cretaceous and Middle Eocene limestone clasts. There are exceptions which are specifi ed at appropriate places in the text.
DESCRIPTION AND INTERPRETATION OF SEDIMENTARY UNITS
This section presents the basic data on the facies of sedimentary units and the main aspects of their depositional environments and systems. The units have been separated based on sharp vertical changes in facies. They are therefore lithostratigraphic units and, at the same time, are allostratigraphic and "mappable" (Figs. 5 and 6). Their areal distribution, cyclic organisation and bounding surfaces are discussed below in section 6.1.
Basal alluvium (U1)
5.1.1. Description Unit 1 is up to 400 m thick, starts above the Middle Eocene Foraminiferal Limestones and local bauxite deposits (Figs. 5, 6) , and consists of two alternating facies associations. The fi rst one is represented by sheet-like conglomerate bodies, up to several metres thick, and more than 100 m wide, which include lenses and thin intercalations of horizontally and cross-laminated calcarenites ( Fig. 7/1 ). The conglomerates of these bodies are horizontally bedded to gently inclined, with b-axis imbrication pointing towards the S to SW, and are rarely, cross-bedded. They may be erosionally based with up to 40 cm deep scours, and may pinch out. The second facies association includes mudstones, calcarenites, and minor conglomerates. The mudstones may contain silt and calcarenite laminae, are bioturbated, and display rhizocretions, pedotubules, reddish mottling and pedogenic nodules. Calcarenites are up to 30 cm thick and either horizontally laminated, cross-bedded or current-ripple laminated. They commonly display plant debris, leaves, stems, and branches, as well as pedogenic alteration. Conglomerates and calcarenites rarely form less than 1 m thick channel-fi lls encased in calcarenites and mudstones. A few, up to 60 cm thick, matrix-supported conglomerates occur in the middle-upper part of the unit. Locally deformed bedding might represent traces of former tree stumps.
In contrast to the high predominance of Cretaceous and Middle Eocene lithoclasts typical for the PB as a whole, the upper part of the unit contains clasts of other formations. They include Triassic dark limestones and dolomites, similar carbonates which may be Jurassic and/or Permian in age, Eocene limestone breccias, as well as conspicuous Lower Triassic, violet sandstones and ooid grainstones. Some calcarenites are composed of 5-30% non-carbonate particles. There are also minor coated pebbles, oncoids, cylindrical stromatolites and stromatolite intercalations (Fig. 8) . The later may include calcifi ed cyanobacterial fi laments, gastropods and ostracods.
Interpretation
The features of sheet-like conglomerate bodies suggest the activity of braided streams, characterised by longitudinal bars and intervening channels, with cross-bedded conglom- erates deposited at fronts and/or fl anks of the bars (reviews in COLLINSON, 1996; MIALL, 1996) . Some calcarenites in these bodies are erosional relics, while others fi ll scours originated during the falling river fl oods. The sheets indicate wide channel belts. The second facies association originated in fl oodplains most of which have been vegetated as indicated by pedogenic alteration, and locally contained smaller channels. Laminated and cross-bedded calcarenite beds have been deposited by sheet-fl oods over the fl oodplains. The palaeotransport was directed towards the SSW. Rare debrisfl ow conglomerates possibly indicate a short-term proximity to alluvial fans.
Carbonate precipitation during the upper part of the unit took place in stream channels, while some stromatolite intercalations may indicate short-lived ponds (cf. ANADÓN & ZAMARREŇO, 1981) . The precipitation was mediated microbially, as suggested by cyanobacterial fi laments. These carbonates indicate a lot of available water and dense veg- 
Lower lacustrine unit (U2)
Unit 2 (Figs. 5, 6, 7/2) includes a 0.2 m thick clay horizon with coal laminae containing gastropods, and overlying, lami nated limestones, a few metres thick (Fig. 9) , with ostracods, cyanobacterial fi laments, characean encrustations and gyrogonites, gastropods, bivalves, and plant leaves. The clay with coal laminae is probably a lateral equivalent of the "2nd Bed" or "Lower Bed" of miners cited by NIKLER (1982), and MARKOVIĆ (2002) .
The clay layer with coaly intercalations probably originated in a swamp. It was followed by a shallow carbonate lake characterised by microbial mats, and typical lacustrine biota (review in TUCKER & WRIGHT, 1990).
Lagoon to alluvium (U3)

Description
The thickness of Unit 3 varies from 80-150 m. Its lowermost part is either tectonised with possible small-scale repetitions, or covered by vegetation. It possibly includes an iso lated outcrop ("?" in Fig. 6E ), consisting of 3 m of marl and 1.3 m of stromatolites. Above the covered interval there is an alternation of mudstones, calcarenitic mudstones, and calcarenites which may contain very rare, smaller benthic foraminifera ( Fig. 7/2 ). Minor conglomerate intercalations also occur. In the upper part of this segment, rhizoliths, nodular palaeosols, and plant remains become common, while foraminifera disappear. Conglomerates may show basal scours, and occasionally fi ll shallow channels oriented N-S. The thick er, upper part of the unit is laterally variable. It may be dominated by alternating sheet conglomerates with an average palaeotransport towards the South, and pervasively pedifi ed calcarenites and mudstones ( Fig. 10) , thus resembling Unit 1. The upper part may also include a package of massive, poorly sorted, pebble to boulder conglomerates (Fig. 11) , with clasts attaining 2 m in diameter and minor, pedifi ed calcarenites ( Fig. 7/3) . Some of the later conglomerates show inverse grading in their basal part, and others have protruding large clasts at the top ( Fig.  7/3 ). This sediment package forms prominent rocky walls on the SW mountain slo pes.
Interpretation
A rare marine fauna, represented by smaller benthic foraminifera, contrasts its common occurrence in other shallow- etation. NIKLER (1982) and MARKOVIĆ (2002) cite a thin coal seam ("3 rd Bed" of miners), which seemingly belongs to the upper part of the unit. If so, a fl oodplain swamp also existed. marine deposits of PB, and might refl ect restricted marine conditions for the lower part of the unit, where clastics presumably derived from a river mouth. The setting was probably a lagoon. It subsequently evolved into a vegetated coastal plain, as suggested by pedogenic features occurring upwards. Hence, one might envisage a delta ("shelf delta" of ETHRIDGE & WESCOTT, 1984) prograding into the lagoon. This environment was followed by alluvial settings including fl oodplains and channel belts, similar to those in U1, as well as a local, interfi ngering alluvial fan(s) characterised by common debris fl ows. The isolated outcrop of marls and stromatolites possibly corresponding to the lowermost part of the unit could represent a local lacustrine episode following the lagoonal onset of the unit.
Middle lacustrine unit (U4)
5.4.1. Description Unit 4 (Figs. 5 and 6) is laterally variable. To the SW (Figs. 7/3, 7/4) there is a discontinuous, up to 1 m thick clay horizon with lignite laminae and 8 m of brown limestones. The later are mostly laminated, and display cyanobacterial fi laments, ostracods, bivalves, and gastropods, less characean encrustations and gyrogonites (Fig. 12a) , and leaves. Packstones and wackestones with the same components also occur, as well as minor oncoidal limestones.
To the E, there is succession of coaly rocks, clastics, and limestones ( Fig. 7 /5) up to 34 m in thickness. Of two subunits of coaly sediments, the lower one is lignite, while the upper one is coaly shale with molluscs. Together they have been referred to as the "Main Bed" or "1st Bed" by miners (NIKLER, 1982; MARKOVIĆ, 2002) . Limestones comprise three subunits. They are strongly weathered, except for a 4 m thick, upper segment which is similar to limestones in the SW area (Fig. 12b) . Weathered sediments locally include stromatolites with molluscs, characean encrustations, gastropods, bivalves and ostracods, traces of carbonaceous material, as well as marly and clayey laminae and possible lacustrine chalk intercalations. Organic material was probably responsible for dissolution of much of the carbonate, and for the strong weathering. The sub-unit of calcarenites and conglomerates is 2 -4 m thick. The calcarenites include lime- stone clasts, coated grains, stromatolite fragments, ostracods and mollusc debris, and 5-30% non-carbonate particles. Pebbles in the conglomerates may be coated by microbial laminae.
Interpretation
The lignite (NIKLER, 1982) originated from peat accumulated in forest swamps (e.g. TUCKER, 2001). Hogs and croco diles (KERNER, 1901) inhabited such environments. Lami nated limestones including microbial laminae originated in carbonate lakes (review in TUCKER & WRIGHT, 1990) , and the same is true for weathered carbonates. A transitional setting with seasonally(?) alternating swamp and lake conditions resulted in alternating carbonate and carbonaceous laminae. As the clastic sub-unit lacks typical marine biota and is associated with lacustrine and swamp deposits, it may represent a lacustrine delta episode.
Shelf/delta alternation (U5)
Description
Unit 5 is up to 300 m thick and wedges out laterally (Figs. 5, 6, 24, 26) . It starts with marls, which contain common plant debris and leaves, smaller benthic and planktonic foramin- ifera, and scattered molluscs (Figs. 7/4, 7/5), and may be dark at the very base. Upwards, mudstones may be intercalated by bioturbated lime packstones (Fig. 13 ) up to 8 cm thick containing larger foraminifera (e.g. Operculina, Discocyclina, Nummulites, Asterigerina, Sphaerogypsina) , smaller benthic and planktonic foraminifera, molluscs, corallinaceans, rare Microcodium debris, and limestone clasts. These are over lain by an alternation of mudstones, thin, graded, and horizontally laminated calcarenites, slumps including mudstones and calcarenites, massive, graded, and inverse to normally graded conglomerates, and foraminiferal packstones (Figs. 14, 15 ). The calcarenites may be rich in plant debris and leaves, and may contain foraminifera. There are also up to 2 m thick packages of mudstones intercalated with calcarenite laminae which contain plant material. In a restricted area (Čolovići, Fig. 5 ) intercalations of specifi c massive conglomerates can be seen, which include clasts of limestone breccia, bored peb bles, molluscs, corals and benthic foraminifera. They disappear basinwards.
The main part of the unit consists of (A) lensoid, mainly conglomeratic bodies consisting mostly of bottomset, foreset and topset beds, and (B) a heterogeneous facies of alternating mudstones, calcarenites, and lesser conglomerates, which displays features similar to the lower part of the unit. Lensoid bodies appear either isolated within the heterogeneous facies, or closely stacked vertically and/or laterally (Fig. 16) . Towards the NE, the unit becomes thinner, highly dominated by mudstones, and includes only one lensoid body (Fig. 6K) .
The bottomsets of the lensoid bodies include up to 50 cm thick, massive conglomerates, and up to 30 cm thick, horizontally laminated calcarenites, locally rich in plant debris and leaves. Both of them may wedge out (Fig. 17) . Foresets are 4-15 m thick (Fig. 18) , with most common inclina- deposited them as tempestite lime packstones. Graded and laminated calcarenites may have resulted from surge-type fl ows, while segments of alternating mudstone/calcarenite laminae might refl ect fl uctuating hyperpycnal fl ows. Both processes were presumably related to river fl oods. The modifying infl uence of storms inferred for correlative sediments in other parts of the Promina basin (BABIĆ & ZUPANIČ, 2007) has not clearly been recognised in these calcarenites. Conglomerates have been deposited by debris fl ows and high den sity turbidity currents which may be related to delta slope failures (see below). Local intercalations of fossiliferous, massive conglomerates (Čolovići) are debris-fl ow deposits, possibly derived from a locally existing, fault-bounded coast.
The origin of the majority of lensoid bodies (A) is related to processes operating in Gilbert-type deltas (cf. POSTMA & ROEP, 1985; MASSARI & COLELLA, 1988; NEMEC, 1990; CHOUGH et al., 1990; POSTMA, 1990) . They prograd ed by accretion of steeply inclined, mass-fl ow conglomerates over bottomset beds, which in turn, overly shelf sediments (Fig. 19) . The bottomset conglomerates indicate de position from debris-fl ows originating from delta slope failure events (cf. POSTMA & ROEP, 1985; , while associated, upper plane bed calcarenites may have been deposited from hyperpycnal fl ows related to river fl oods (e.g. PRIOR & BORNHOLD, 1990) . Truncation surfaces, and clastic topsets with marine fossils refl ect marine erosion, reworking, production of a transgressive lag, probable beach deposits (pebble-thick units), probable bars (cross-beds), and shoreface sands (wave ripples). The fi ning upward trend suggests an upward decreasing marine energy and increasing depth. This was followed by deposition of limestone, probably still farther from the shoreline. Marine topsets are well known from Gilbert deltas (e.g. MASSARI & COLELLA, 1988; POSTMA & CRUICKSHANK, 1988) , including those re ported from other parts of the Promina basin ZUPANIČ et al., 1987 ZUPANIČ et al., , 1988 ; BABIĆ & ZUPANIČ, tions of 15° to 26°. Directions of inclinations are scattered between N and S with an average direction towards the WSW. They include massive to crudely stratifi ed conglomerates, and occasional calcarenites. The foresets are unconformably overlain by up to 30 cm thick conglomerates and/ or calcarenites, which may display fi ning upward successions (Fig. 19 ). An exemplary section includes an imbricate conglomerate with a transport direction towards the ENE which is followed by a cross-bedded conglomerate bed, a one pebble thick layer, and a wave-rippled calcarenite. The clastic topsets may be overlain by 1 to 30 cm thick limestones (Fig. 20) . Both the clastic topsets and limestone may contain benthic foraminifera and molluscs. Lensoid bodies may be distorted and/or faulted at their margins, and broken into rotated blocks.
Interpretation
The lowermost part of the unit refl ects a shelf setting based on muddy sediments with smaller benthic and planktonic foraminifera. Local, dark mudstones of the very base have presumably been deposited in a restricted (lower salinity?) environment, related to initial, marine ingression into previous, lacustrine areas. Subsequently, the shelf became infl uenced by occasional, storm-related processes, which collected and concentrated particles from both the marine (e.g. foraminifera) and subaerially exposed (e.g. Microcodium) areas, and 1990, 2007). Such marine topsets differ from those originally described as fl uvial topsets (GILBERT, 1885). The similarity of the heterogeneous facies (B) to the lower part of the unit suggests a shelf setting infl uenced by sediment supply from rivers and delta slope failure events. The origin of the alternation of (A) and (B) facies associations is discussed in sections 6.1.3.2. and 6.2.
Aside from the lensoid bodies discussed above, there are conglomerate lensoid bodies which probably represent beachface deposits comparable to those described by MASSARI & PAREA (1988) from the Apenninic Pleistocene. Their "foreset" beds display lower inclination angles, while their other features are generally poorly visible and they are not discussed further.
Deformation of the lensoid bodies was probably related to instability of deltaic systems. Instability events may have been the result of seismic activity at the basin margin, which could also be the case for common slumping, as well as common delta slope failures.
Fossil-rich limestones (U5A)
Unit 5A consists of up to 10 m thick, poorly bedded limestones which overly Eocene and Cretaceous platform carbonates, local bauxites, and sporadic carbonate breccias and conglomerates. The unit is restricted to the N part of the study area (Figs. 5, 6 ). The limestones are bioclastic packstones, rudstones and wackestones, and include larger foraminifera (e.g. common Discocyclina), smaller benthic foraminifera, bivalves, corals, gastropods, echinoids, and coral linaceans. Glauconite and planktonic foraminifera are found on top of the limestones, just below the marls of U5 (Figs. 21, 22) .
The rich shallow-marine biota suggest shallow-marine, carbonate environments established above former terrestrial areas, while glauconite and planktonic foraminifera at the top of the unit imply sediment starved conditions at the transition to overlying shelf marls of U5.
Upper lacustrine unit (U6)
Small, isolated outcrops, which might be one to a few metres thick, occur within a smaller area on the SW slope of the mountain, between units 5 and 7. Unit 6 is not reliably identifi ed along the entire line shown on the map (Fig. 5) , and it possibly pinches out landwards. The outcrops include lime wackestones and mudstones with characeans, ostracods, molluscs, probable cyanobacterial fi laments, and plant leaves. These features refl ect deposition in a shallow carbonate lake (review in TUCKER & WRIGHT, 1990).
Terminal alluvium (U7)
Description
Outcrops of unit 7 display sheets of massive to crudely bedded conglomerates (Figs. 7/6 and 23), which include calcarenite lenses. They alternate with packages consisting of horizontally laminated, cross bedded and current-rippled cal carenites and mudstones. B-axis imbrication in conglomerates points towards the W to SW. The sheets may include crossbedded conglomerates. Many mudstones and some calcarenites display reddish mottling, rhizocretions, and pedogenic nodules (Fig. 7/6 ). Plant remains are common in the mudstones and calcarenites, which include a reworked tree trunk replaced by calcarenite. Calcarenites containing up to 30% non-carbonate particles are exceptional, as well as conglomerates including isolated sandstone clasts. There are also shal low scours fi lled by conglomerates. In the NE part of the study area, the unit overlies U5A and the Cretaceous basement (Figs. 5, 6 ) (for discussion see section 6.1.3). The total thickness of U7 is about 120 m. 
Interpretation
Sheet conglomerates may have originated in braided channel belts, while the association of calcarenites and mudstones refl ects deposition in vegetated fl oodplains. The depositional processes and environments resemble those of U1 and uppermost U3. Similar alluvial sediments have been described from the continuation of this unit, in the NW part of the basin (Fig. 4) .
DISCUSSION
Depositional cycles
The vertical succession(s) of sedimentary units of the PB of MtP described above shows a cyclicity related to variations in accommodation space and sediment supply, which is the objective of sequence stratigraphic analysis, as defi ned by POSAMANTIER & ALLEN (1999) . Three main cycles have been recognised, in which the sedimentary units are treated as sequence stratigraphic units (Fig. 24) .
Cycle I (U1)
The unconformity and coincident sequence boundary, which separate Middle Eocene carbonates and Basal alluvium (U1), extend basinwards, away from MtP, by truncating lower, marine PB (older than PB at MtP), with a distally diminishing hiatus (Fig. 25A) (BABIĆ & ZUPANIČ, 2007) . Still farther basinwards, there is an erosional surface interpreted as the basal surface of forced regression of HUNT & TUCKER (1992) which is overlain by forced regressive sediments (MRI-NJEK, 2008) . It seems to represent a distant continuation of the basal sequence boundary at MtP. The Basal alluvium (U1) therefore, might have been deposited during the relative sealevel rise of the late lowstand by onlap onto the deformed basement (Fig. 25A) . A high water table during the upper part of the unit (section 5.1) may be related to high sea-level, which continued to rise further during the next cycle.
In the NW part of the Promina basin, alluvial deposits of similar stratigraphic position have not been recognised (MRINJEK & PENCINGER, 2008) , and Cycle I of MtP possibly continues laterally and seaward into alternating shelf and shoreface deposits reported by these authors. 
Cycle II (U2, U3)
The origin of swamp and carbonate lake environments (U2) above former alluvium (Cycle I; Fig. 25B ) must have been related to a rise of the water table and related sea-level, which were already high. Namely, the rising base level will concomitantly raise the groundwater table, and cause poorer drainage in alluvial systems, which lead to widespread development of swamps and lakes (SHANLEY & MCCABE, 1994) . The process also caused a landward shift of alluvial systems. The coastal lowlands with lacustrine environments were subsequently submerged becoming a lagoon (lower U3) by further rise of relative sea-level. The base of Cycle II, therefore, corresponds to the transgressive surface of sequence stratigraphic systematics (POSAMANTIER & VAIL, 1988; PO-SAMANTIER & ALLEN, 1999) . This type of stratigraphic surface is typically formed by marine ravinement processes, while in our case, the onset of the low-energy settings of swamps and lakes didn't cause reworking and/or erosion, hence, the relevant boundary may be better termed maximum regressive surface (HELLAND-HANSEN & MARTINSEN, 1996) . While the carbonate lake above the swamp deposits (U2) refl ects an increase in the rate of relative sea-level rise compared to sedimentation rate, i.e. a transgression, the subsequent lagoon-delta-alluvium succession (U3) displays an overall progradation related to an increased sedimentation rate compared to relative sea-level rise, i.e. a regression. Transgressive to regressive turnaround may be located at the top of lacustrine limestones, while maximum fl ooding might correspond either also to this surface or it occurs a little bit higher (see discussion by CATUNEANU, 2006) . Possible repetition of lake and lagoonal sediments at the very base of the cycle, might suggest the presence of a small, transgressiveregressive subcycle before the onset of the main part of the succession discussed above.
In general (Fig. 24 /Main area), the lower part of Cycle II (U2) corresponds to the transgressive systems tract of the sequence stratigraphic approach (e.g. POSAMANTIER & VAIL, 1988; POSAMANTIER & ALLEN, 1999; CATUNE-ANU, 2006) , and its upper part may be designated either as a highstand or a regressive systems tract. The fi rst choice considers a depositional sequence of POSAMANTIER & VAIL (1988) , which would consist of a lowstand tract (Cycle I) and a transgressive plus highstand tract (Cycle II). The later option considers Cycle II as a transgressive-regressive (T-R) type of sequence (EMBRY & JOHANNESEN, 1992; EMBRY, 2002) , with the sequence boundary coinciding with the maximum regressive surface.
In other parts of the basin, the lower part of Cycle II can not be clearly identifi ed. In the NW basin area, it is possibly represented by shelf to shoreline cycles reported by MRIN-JEK & PENCINGER (2008) . In contrast, its upper, alluvial part, as well as its termination at the transgressive surface is easily recognised throughout most of the basin (BABIĆ & ZUPANIČ, 2007;  Fig. 4) .
Cycle III (U4-U7)
6.1.3.1. Lower part (U4). The transition from Cycle II to Cycle III resembles the transition from Cycle I to Cycle II in the change from alluvial to lacustrine deposition (U4) at the maximum regressive surface (Fig. 24/Main area) . At this point, the increase in accommodation space surpassed the sedimentation rate, but didn't yet enable a marine ingression (see discussion on Cycle II, section 6.1.2). This surface and the overlying Middle lacustrine unit (U4) in MtP correlate basinwards with the transgressive surface (= ravinement surface = transgressive surface of erosion of POSAMANTIER & VAIL, 1988; POSAMANTIER & ALLEN, 1999) , and the overlying TST consisting of wave-worked clastics and limestones (BABIĆ & ZUPANIČ, 2007) (Figs. 4, 25D) . Hence, the Middle lacustrine unit (U4) is regarded as a non-marine, proximal segment of the transgressive tract.
Where U4 consists of several smaller units of swamp, carbonate lake, and lacustrine delta (Fig. 7/5 ), this may refl ect very restricted, short-term changes in the relationship between accommodation space and sedimentation within the overall transgressive trend. 6.1.3.2. Middle part (U5, U5A). The change from lacustrine to shelf/delta settings marks the onset of progradation, i.e. the onset of a highstand or regressive systems tract. Maximum fl ooding may be regarded as occurring within basal mud stones (a few metres thick), with benthic and planktonic foraminifera (BABIĆ & ZUPANIČ, 2007) (Fig. 6) . The sea fl ood ed not only previous lacustrine realms, but also spread farther landwards (NNE), which resulted in the coastal onlap of fossil-rich limestones (U5A) onto the basement, and related subaerial unconformity (Figs. 5, 6A, 6K, 24, 25D) . KERNER (1901) placed these limestones at the base of the PB, while for QUITZOW (1941), they are a coastal equivalent of mudstones (equivalent here to the lowermost U5). Deposition of these limestones ended with sediment starvation, i.e. maximum fl ooding (Figs. 21, 22 ).
Alternating shelf and delta deposits (U5) refl ect repetitions of lower order cycles or subcycles, within an overall trend of rising relative sea-level. A "modal" subcycle of this type consists of two parts (Fig. 19) . The transgressive part starts above a ravinement surface, and includes a fi ning upward succession refl ecting decreasing marine energy levels associated with landward shift of facies, and limestones which may be regarded as a condensed section related to maximum fl ooding. This part refl ects increasing accommodation space and decreasing sediment supply. The regressive part embraces shelf deposits and overlying delta. Repetition of such T-R cycles or subcycles was related to an overall relative sea-level rise, which was punctuated by stillstands when deltas prograded (POSTMA, 1995) . The driving factors are discussed in section 6.2.
Lower delta bodies appear isolated in shelf sediments, and are only exceptionally closely superimposed or juxtaposed, while deltas higher in the succession are more densely distributed (Fig. 6 ). This suggests a gentle, average upward decrease in overall relative sea-level rise.
6.1.3.3. Upper part (U6, U7). As neither lateral continuity, nor bounding surfaces of the Upper lacustrine unit (U6) have been identifi ed, one can only speculate on possible trends. The fi rst scenario envisages a continuation of an overall regression, from previous shelf to delta (U5), to the coastalplain and/or delta-plain lakes (U6), and to the alluvium (U7). The later display a landward onlap (Figs. 24, 25F, 26) , and the conditions would correspond to the late highstand of POS AMENTIER & ALLEN (1999) . A second scenario includes a smaller fall in relative sea-level which ended marine deposition, provoked erosion (not identifi ed as yet) and the origin of a sequence boundary (sensu POSAMENTIER & ALLEN, 1999) . Subsequent lacustrine and alluvial deposits would correspond to the late lowstand. This scenario implies the end of Cycle III and the onset of a new cycle at an envisaged unconformity i.e. sequence boundary. In the third scenario, the lake(s) succeeded deltas, and were followed by the sequence boundary and alluvium. This would imply the end of Cycle III and the onset of a new cycle, at the base of the alluvium (U7). The fi rst scenario is favoured, however, with only modest support by the presumable lack of sediments deposited during relative sea-level fall.
As a whole, and if the favoured scenario is accepted, Cycle III consists of transgressive and regressive segments (Fig. 24) which might be denoted either as transgressive and highstand systems tracts or as the transgressive-regressive sequence as discussed for Cycle II (section 6.1.2).
6.1.3.4. Other parts of the basin. Cycle III extends along the entire Promina basin. Marine TST represented by wavework ed clastics and fossiliferous limestones, which replaces lacustrine TST (U4) of MtP basinwards (Figs. 4, 25/D) , also occurs in the distant, NW basin area (Fig. 4) where MRIN-JEK & PENCINGER (2008) describe a transgressive tract consisting of mudstones with rare calcarenites (at the base of their Unit 4). These deposits, however, belong to the lower part of the subsequent, regressive unit, which is similar in character across the entire Promina basin (BABIĆ & ZU-PANIČ, 2007) , and corresponds to U5 in MtP. Similarity in the sedimentary evolution along the basin is also shown by reconnaissance data on lacustrine sediments occupying the same stratigraphic position in the NW basin area as they do on MtP (U6), i.e. between marine and alluvial units (U5 and U7 on MtP). Other features, identical for both MtP and the 80 km long NE basin margin, include marine and alluvial onlaps (U5A and U7 on MtP), both of which are related to an unconformable surface above bauxite deposits and the Cre taceous to Eocene basement . This indicates a similar stratigraphy along the inner basin margin.
The main controls on sedimentary evolution
Structural and stratigraphic relationships, together with other features described above, as well as the available data from other parts of the Promina Basin, are used in an attempt to detect which factors were dominant in the sedimentary evolution of the basin margin.
Deposition of PB in the study area was preceded by important deformation, which was responsible for a major basinward shift of the shoreline, i.e. the subaerial exposure of a major part of the basin. The subsequent onlap by a thick, dominantly coarse-grained alluvial unit (U1) regarded as corresponding to the late lowstand conditions (see 6.1.1, Fig.  25A ), refl ects a high sediment supply from a mountainous catchment area in the orogen. This and the vertical change in the detritus composition may suggest active tectonics during deposition. The upper part of U1 contains additional, old er detritus compared to its lower part (section 5.1.1.). The change does not seem to have been caused solely by the erosion of deeper basement rocks and lowering of relief, as the average grain size didn't decrease. It is proposed that a nearcontinuous tectonism in the catchment area had a direct sedimentary response in the form of a thick, coarse-grained alluvial unit (Fig. 25A) in the subsiding basin. The conditions might have been similar to those proposed for some fan-delta wedges in the Ebro foreland basin, Spain, where the depositional dynamics are regarded to have been principally infl uenced by high sediment supply related to continuous tectonic activity (LOPEZ-BLANCO et al., 2000; MARZO & STEEL, 2000) .
The origin of the subsequent lacustrine TST (U2), which is presumably replaced basinwards by a marine TST (section 6.1.2, Fig. 25B ), may be related to a backtilting of the proximal part of the basin, which generated a "ponded" area, isolated from direct marine infl uence. This might have occurred by a tectonic pulse which caused increased subsidence rates and a landward shift of coarse-grained sedimentation, as proposed in models by HELLER et al. (1988) and BURNS et al. (1997) . A similar effect might have resulted from a eustatic rise, which accelerated relative sea-level rise in the proximal part of the foreland basin characterised by increased subsidence rates compared to the distal part (PO-SAMENTIER & ALLEN, 1993) . The sharp, but non-erosive transition from the coarse-grained alluvial to lacustrine settings seems to favour the fast tectonic process as dominant.
The subsequent regressive unit (U3) doesn't seem to have been deposited in the N area, and lower units (U1, U2) are also lacking there. Alternatively, the latter could have been deposited in that area, at least in small thickness, and were erosionally removed from the uplifting block and resediment ed basinwards (Fig. 25C) . The rarity of older detritus types, which were quite common in the upper part of U1, may be explain ed by an important contribution from the denudation of the Cretaceous and Eocene basement uplift, additional contribution from the hinterland, and a partial transfer to the distal basin. A laterally impersistent alluvial fan(s) indicates local, more intense, short-term fault activity within the uplift or at its margin. The envisaged situation is partly similar to the "postorogenic phase" of HELLER 'S et al. (1988) two-phase mo del of foreland-basin sequences, in which reworked, coarse deposits in distal foreland basin correlate with erosion and an unconformity in the proximal part of the basin. However, the syndepositional faulting inferred to be related to the origin of coarse-grained alluvial fans, may have been a part of a nearcontinuous tectonic loading and subsidence, refl ected in the dominant role of high sediment supply in generating the regressive trend (as previously discussed in relation to U1).
Abrupt termination of the alluvial deposits (U3), and the following lacustrine TST (U4) resemble the transition from the alluvial U1 to lacustrine U2, and are considered to refl ect the same main driving process. These include a tectonic pulse, which was responsible for backtilting and the development of lacustrine TST in the proximal part of the basin, and marine ravinement with marine TST in its distal part (Fig. 25D : left, lower part). As this transgressive trend characterises a major part of the basin (Fig. 4 ; BABIĆ & ZU-PANIČ, 2007), local and/or intrinsic processes were not critically relevant. At the local scale however, gentle tectonism may have been infl uential, as suggested by the lateral difference in sedimentary succession and thickness of U4 (Figs. 6, 7/3, 7/4, 7/5) which resulted from small-scale, syndepositional downwarping. Subsequently, there was a short transitional evolutionary interval, when the very beginning of the regression correlates with marine onlap onto the basin margin (basal U5 and U5A; Fig. 25D : upper left and right).
During deposition of U5 the proximal part of the basin experienced complex processes and specifi c changes which include the origin of growth folds and associated growth stra ta, and proximal-distal difference in the character and thickness of the unit (Figs. 5, 6, 24, 25E, 26) . These processes were probably related to advancing thrusts which increased subsidence rates and induced an overall relative sealevel rise. As the average WSW direction of the progradation of deltas (with a variation between N and S) contrasts S to SW palaeotransport directions in U3 alluvium, a major part of the detritus appears to have been supplied from source areas which appeared roughly ENE of today's MtP (diagonal to the section in Fig. 25E) (Fig. 27) . The envisaged structural bending was possibly combined with dextral, transpressive faulting which might represent an earlier stage of the large, diagonal fault system, which today passes several kilometres E of MtP (CHOROWICZ, 1977) .
The modulation of overall relative sea-level rise during U5, by lower-order relative sea-level changes, which produced lower-order T-R cycles (section 6.1.3.2.), may have resulted from episodic subsidence along the marginal fault(s). This is in agreement with the opinion that vertical stacking of Gilbert deltas refl ects high subsidence rates close to tectonically active basin margins (COLELLA, 1988; GAW-THORPE & COLELLA, 1990; DORSEY et al., 1995) . Moreover, the model for Gilbert delta stacking in the Loreto Basin, Baja California Sur by DORSEY et al. (1997) relates alternating episodes of rapid subsidence and transgressions with closely repeating slips along marginal faults which induced earthquake clustering, while deltas prograded during tectonic stillstands. This model may be relevant for the examples on MtP. However, local differences in sediment supply and intrinsic factors such as switching of delta lobes may have induced the origin of some T-R sequences. In general, the overall regressive trend of U5 together with its internal T-R dy namics may have been dominantly induced by the combination of subsidence and sediment supply.
Before or at the very beginning of U7, the marginal part of the basin experienced uplift and erosion which involved deformed carbonate basement, U5A, U5 and U6(?) of that area. The resulting truncation surface was onlapped by alluvial U7 and also represents an angular unconformity, which quickly dies out basinwards (SSW) (Figs. 25F, 26, 28) . It corresponds to the "progressive and angular unconformity" described by RIBA (1976) from the SE Pyrenees, where it may represent part of a series of synsedimentary unconformities related to deformational pulses (RIBA, 1976; FORD et al., 1997) .
The present-day thickness and extent of regressive U7 on MtP resulted from considerable denudation during the Neogene to Recent (Figs. 5, 6 ). Based on data from neighbouring and other parts of the basin this unit assumed a thickness of more than 300 m and extended about 5 − >10 km basinwards ( Fig. 4/3; BABIĆ et al., 1995) . This suggests that the regressive trend of this unit was dominantly induced by a high sediment supply. It was presumably related to nearcontinuous tectonic loading and erosion of thrust units, as suggested by LOPEZ-BLANCO et al. (2000) and MARZO & STEEL (2000) for some fan-delta clastic wedges in the Ebro Basin, Spain.
A younger deformation postdating the PB at MtP involved the marginal, NNE basin area. The resultant, gentle folding is similar in orientation to the previous one, and also decreases in intensity basinwards (Figs. 25G, 26, 28 ).
CONCLUSION
In their type area, MtP, the PB are represented by 8 sedimentary units, which differ in facies and/or facies associations, i.e. depositional environments and systems. They are both lithostratigraphic and allostratigraphic units, are objectively identifi able and mappable. They are: Basal alluvium (U1), Lower lacustrine unit (U2), Lagoon to alluvium (U3), Middle lacustrine unit (U4), Shelf/delta alternation (U5). Fossil-rich limestones (5A), Upper lacustrine unit (U6), and Terminal alluvium (U7). There is a considerable variation in se dimentary suc ces sions laterally: in the proximal part of the basin U1-U4 is missing, U5 varies in character, while U5A is exclusive only to this part of the basin.
The sedimentary units are arranged in 3 depositional cycles. Cycle I (U1) is believed to correspond to late lowstand conditions, while Cycles II (U2, U3) and III (U4-U7) include transgressive and highstand (regressive) systems tracts. Transgressive tracts are specifi c in being represented by lacustrine deposits. Falling-stage sediments have not been identifi ed, and the entire sedimentary successions originated during relative sea-level rise.
The PB of MtP represents an example of sedimentary and sequence evolution at a deforming foreland basin margin. The evolution of this margin is characterised by structural and stratigraphic complexities which include growth strata, angular unconformities, syndepositional folding, intraformational faulting and uplift, alluvial and marine onlaps onto deformed basement, and tectonically induced, proximal-distal variations in facies and sediment thickness. The origin of lacustrine transgressive tracts may have been related to the backtilting of the proximal part of the basin. Among three principal factors which control the history of a basin infi lling, i.e. supply, subsidence and eustasy (GAL-LOWAY, 1989), we suggest that there was no single factor which would have been dominant throughout the entire sedimentary evolution. The majority of the regressive trends were presumably dominated by high sediment supply which was a direct response to near-continuous loading and orogen erosion. The origin of one regressive segment might have been mainly infl uenced by a combination of subsidence and sediment supply. The principal factor for transgressive trends was presumably subsidence, related to tectonic pulses. The overall dominance of tectonism in shaping depositional styles, sequence development and distribution of sediments was related to sedimentary evolution within deforming, marginal parts of the foreland basin which was situated in close proximity to and infl uenced by the main, active Dinaric thrust units.
ALLOSTRATIGRAPHY
As the units described in this work are defi ned and identifi ed on the basis of laterally traceable bounding discontinuities, other attributes being the same as for the formations cited above, these units are materially identical to allostratigraphic units introduced by NACSN (1983) . Genetic interpretations are not obligatory for defi ning allostratigraphic units, however, such interpretations may infl uence the choice of their boundaries (NASCN, 1983, Article 58, remark (f) ). The units identifi ed here are defi ned on the basis of their genesis. Their bounding surfaces are prominent, well defi ned genetically and their types are restricted to specifi c kinds of changes across them. Hence, these units are not poorly defi ned in con trast to the wide defi nition of changes which are possible across the bounding discontinuities using the Code of NACSN (1983) (see relevant comments by POSAMNATIER & ALLEN, 1999 and CATUNEANU, 2006) .
The rules for naming allostratigraphic units are the same as those for naming lithostratigraphic units (NACSN, 1983 
SUBDIVISION AND NAMING OF UNITS OF THE PROMINA BEDS: A COMPARISON
The lithostratigraphic subdivision may be useful, as generally confi rmed by its widespread use. The allostratigraphic subdivision, using specifi c types of bounding discontinuities, may be regarded as more natural, as well as more appropriate for interpretative purposes, because it uses important, na tural attributes. In fact, the two classifi cations, if applied to successions described here, differ in formal naming, not in material facts, and the choice between them does not seem to be of paramount importance and primary interest. However, it is believed that the classifi cation and names used here (most of the relevant units have been separated and defi ned in a similar way previously BABIĆ & ZUPANIČ, 2007) ; see also Fig. 4 ) are more suited for communication and study of relevant geological objects and geological evolution, as they convey more relevant information in accordance with the present level of research and practical needs. October 22, 2010 Revised manuscript accepted February 24, 2011 Available online June 09, 2011
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